Background Hospital-related factors associated with mortality and morbidity after hip fracture surgery are not completely understood. The Veterans Health Administration (VHA) is the largest single-payer, networked healthcare system in the country serving a relatively homogenous patient population with facilities that vary in size and resource
availability. These characteristics provide some degree of financial and patient-level controls to explore the association, if any, between surgical volume and facility resource availability and hospital performance regarding postoperative complications after hip fracture surgery. Questions/purposes (1) Do VHA facilities with the highest complexity level designation (Level 1a) have a disproportionate number of better-than-expected performance outliers for major postoperative complications compared with lower-complexity level facilities? (2) Do VHA facilities with higher hip fracture surgical volume have a disproportionate number of better-than-expected performance outliers for major postoperative complications compared with lower-volume facilities? Methods We explored the Veterans Affairs Surgical Quality Improvement Project (VASQIP) database from October 2001 to September 2012 for records of hip fracture surgery performed. Data reliability of the VASQIP database has been previously validated. We excluded nine of the 98 VHA facilities for contributing fewer than 30 records. The remaining 89 VHA facilities provided 23,029 records. The VHA designates a complexity level to each facility based on multiple criteria. We labeled facilities with a complexity Level 1a (38 facilities)-the highest achievable VHA designated complexity level-as high complexity; we labeled all other complexity level designations as low complexity (51 facilities). Facility volume was divided into tertiles: high (> 277 hip fracture procedures during the sampling frame), medium (204 to 277 procedures), and low (< 204 procedures). The patient population treated by low-complexity facilities was older, had a higher prevalence of severe chronic obstructive pulmonary disease (26% versus 22%, p < 0.001), and had a higher percentage of patients having surgery within 2 days of hospital admission (83% versus 76%, p < 0.001). Highcomplexity facilities treated more patients with recent congestive heart failure exacerbation (4% versus 3%, p < 0.001). We defined major postoperative complications as having at least one of the following: death within 30 days of surgery, cardiac arrest requiring cardiopulmonary resuscitation, new q-wave myocardial infarction, deep vein thrombosis and/or pulmonary embolism, ventilator dependence for at least 48 hours after surgery, reintubation for respiratory or cardiac failure, acute renal failure requiring renal replacement therapy, progressive renal insufficiency with a rise in serum creatinine of at least 2 mg/dL from preoperative value, pneumonia, or surgical site infection. We used the observedto-expected ratio (O/E ratio)-a risk-adjusted metric to classify facility performance-for major postoperative complications to assess the performance of VHA facilities. Outlier facilities with 95% confidence intervals (95% CI) for O/E ratio completely less than 1.0 were labeled "exceed expectation;" those that were completely greater than 1.0 were labeled "below expectation." We compared differences in the distribution of outlier facilities between high and low-complexity facilities, and between high-, medium-, and low-volume facilities using Fisher's exact test. Results We observed no association between facility complexity level and the distribution of outlier facilities (high-complexity: 5% exceeded expectation, 5% below expectation; low-complexity: 8% exceeded expectation, 2% below expectation; p = 0.742). Compared with highcomplexity facilities, the adjusted odds ratio for major postoperative complications for low-complexity facilities was 0.85 (95% CI, 0.67-1.09; p = 0.108). We observed no association between facility volume and the distribution of outlier facilities: 3% exceeded expectation and 3% below expectation for high-volume; 10% exceeded expectation and 3% below expectation for medium-volume; and 7% exceeded expectation and 3% below expectation for low-volume; p = 0.890). The adjusted odds ratios for major postoperative complications were 0.87 (95% CI, 0.73-1.05) for low-versus highvolume facilities and 0.89 (95% CI, 0.79-1.02] for medium-versus high-volume facilities (p = 0.155). Conclusions These results do not support restricting facilities from treating hip fracture patients based on historical surgical volume or facility resource availability. Identification of consistent performance outliers may help health care organizations with multiple facilities determine allocation of services and identify characteristics and processes that determine outlier status in the interest of continued quality improvement. Level of Evidence Level III, therapeutic study.
Introduction
Hip fractures are a major public health concern that generate substantial healthcare costs [3] . Multiple studies have reported patient factors associated with mortality [22, 29] . The relationship between hospital hip fracture surgical volume and mortality has been studied, but an association has not been consistently observed [5, 7-10, 24, 27, 30] . Most reports suggest that teaching facilities have lower risk-adjusted mortality after hip fracture treatment when compared with community facilities [18, 19, 26, 32, 34] . However, to our knowledge, no studies have examined the effect of a hospital's acuity level as an indication of resource availability and preparedness and its association with hip fracture mortality and postoperative morbidity.
The Veterans Health Administration (VHA) is the largest networked healthcare system in the country and may serve as a prototype for single-payer healthcare and bundled payment programs, which are increasing nationwide. The Veterans Affairs Surgical Quality Improvement Program (VASQIP) dataset has been validated for data reliability [6] . It was implemented in 1994 with the goal of monitoring quality and facilitating the implementation of improvement projects. Data are longitudinally maintained across all subspecialties across the VHA. There are advantages to exploring the VASQIP dataset. The VHA payment structure removes financial incentives for facilities to select patients, which may be a challenging confounder to account for when assessing facility performance [25] . Unique to the VHA is a complexity level designation for each facility that is related to the facility's resource availability; this aids investigation into resource availability and facility performance.
The endpoint of mortality is both important and unambiguous; as such, it is often used in clinical and healthsystems research, including studies on hip fracture [5, [7] [8] [9] [10] 19] . However, postoperative complications contributing to morbidity may also be important for patients and healthcare providers. A commonly used risk-adjusted metric to assess facility performance is the observed-to-expect ratio (O/E ratio) for mortality and morbidity [11, 12] . The potential association between facility volume and facility complexity level designation-which we use as a proxy for resource availability-and risk-adjusted major postoperative complications after hip fracture surgery has not been explored.
In this study, we asked: (1) Do VHA facilities with the highest complexity level designation (Level 1a) have a disproportionate number of better-than-expected performance outliers for major postoperative complications compared with lower-complexity level facilities? (2) Do VHA facilities with higher hip fracture surgical volume have a disproportionate number of better-than-expected performance outliers for major postoperative complications compared with lower-volume facilities?
Patients and Methods
This retrospective, comparative study was reviewed and approved by the institutional review board and local VHA research committee with a waiver of informed consent. 91 . We observed notable if small differences between patients treated by highcomplexity facilities compared with those treated by lowcomplexity facilities. The age distribution of the cohort treated at low-complexity facilities skewed toward an older population; the population treated by low-complexity facilities had a slightly higher prevalence of severe COPD and a lower prevalence of congestive heart failure exacerbation within a month of surgery. A higher percentage of patients from lowcomplexity facilities had surgery within 48 hours of hospital admission (Table 1) . A larger proportion of patients treated at high-volume centers were completely dependent on others to perform activities of daily living ( Table 2 ).
Study Subjects (Facility Level; Hospital Characteristics)
To ensure adequate sample size for meaningful statistical analysis within each facility, we excluded nine facilities where surgeons performed fewer than 30 hip fracture procedures during the sampling time frame. Two hospital characteristics were available and of interest: (1) designated facility complexity level; and (2) facility hip fracture surgery volume. Each VHA hospital is assigned to one of five complexity level designations, which are high (Level 1), intermediate (Level 2), and standard (Level 3); high level is subdivided into 1a, 1b, and 1c. The criteria contributing to this classification includes: (1) the availability of subspecialty surgical programs (eg, cardiac surgery, neurosurgery); (2) supportive programs (such as interventional radiology or a polytrauma program); (3) intensive care unit level; (4) breadth of the physician training program; (5) grant funding for research; and (6) an estimate of the health risk of the population served by the VHA facility based on patient diagnosis grouping.
Balancing sample size considerations and assigning a rational demarcation for facility groupings, we labeled complexity Level 1a facilities "high" complexity and all other complexity level designations "low" complexity. In a separate analysis, we stratified facilities into tertiles with respect to surgical volume. Facilities contributing more than 277 records during the sampling time frame were considered high-volume facilities; we labeled facilities where surgeons performed between 204 to 277 procedures medium-volume; and fewer than 204 procedures were labeled low-volume (Table 3) .
Accounting for All Patients
The VASQIP database provided a list of 47,477 patient records. Exclusion of nonhip fracture orthopaedic trauma, hip arthroplasty for osteoarthritis, records with missing procedures and diagnosis codes, and records from facilities that contributed fewer than 30 hip fracture procedures during the sampling time frame resulted in a final cohort of 23,029 records ( Fig. 1) .
Variable: Major Postoperative Complications
We defined major postoperative complications as having at least one of the following postoperative adverse conditions: (1) death within 30 days of surgery; (2) cardiac arrest requiring cardiopulmonary resuscitation; (3) new q-wave myocardial infarction; (4) deep vein thrombosis/pulmonary embolism; (5) ventilator dependence for at least 48 hours after surgery; (6) reintubation for respiratory or cardiac failure; (7) acute renal failure requiring renal replacement therapy; (8) progressive renal insufficiency with a rise in serum creatinine of at least 2 mg/dL from the preoperative value; (9) pneumonia; or (10) surgical site infection.
Description of Model to Assess Risk of Having a Major Postoperative Complication
We performed bivariate analysis of available preoperative variables. Variables associated with a major postoperative complication at a p value # 0.10 in the bivariate model were retained for testing in the multivariable logistic regression model with backwards elimination (see Appendix, Supplemental Digital Content 1). To test for model discrimination and calibration, we performed 10-fold cross validation. The area under the receiver operating characteristic (ROC) curve (AUC) generated by the predicted probabilities from 10-fold cross validation was used to determine model discrimination. Model calibration was tested with the HosmerLemeshow goodness-of-fit test. To visualize model calibration, we used the predicted probabilities and the observed rate of major postoperative complications to generate a calibration plot (see Appendix, Supplemental Digital Content 2). Because each facility's results contribute to the reference population of facilities, a facility's major postoperative complication rate impacts not only its own observed value but also the expected value. Facilities with extreme results may affect the expected values and lead to misclassification based on the O/E ratio method of facility classification. We performed "leave-one-out" cross validation to assess this possibility. Each facility was "left-out" once while the prediction model was developed using all other facilities; we applied the prediction model to the "left-out" facility to generate predicted probabilities for its records. We compared each facility's predicted probability derived from the leave-one-out cross validation *Severe COPD; COPD resulting in any one or more of the following: (1) functional disability from COPD (eg, inability to perform ADLs), (2) previous hospitalization for COPD treatment, (3) requires chronic bronchodilator therapy with oral or inhaled agents, (4) FEV1 of < 75% predicted on pulmonary function testing. †bleeding disorder; any condition that places the patient at risk for excessive bleeding requiring hospitalization due to a deficiency of blood clotting elements (eg, vitamin K deficiency, hemophilia, thrombocytopenia, chronic anticoagulation therapy that has not been discontinued or reversed before surgery); chronic aspirin therapy was not considered a bleeding disorder.
‡75 records from high-complexity facilities and 119 records from low-complexity facilities had missing data for the 'Dyspnea' variable; BUN = blood urea nitrogen. §acute renal failure; defined as increasing BUN, with urinary output of less than 500 cc/24 hours, and a rising creatinine above 3 mg/dL. ||major postoperative complication; includes at least one of the following: (1) death within 30 days of surgery, (2) cardiac arrest requiring CPR, (3) myocardial infarction, (4) DVT/PE, (5) failure to wean from ventilator after 48 hours, (6) reintubation for respiratory/ cardiac failure, (7) progressive renal insufficiency -rise in creatinine > 2 mg/dL from preoperative value, but without renal replacement requirement, (8) acute renal failure requiring incident postoperative renal replacement therapy; FEV1 = forced expiratory volume in 1 second; CPR = cardiopulmonary resuscitation; DVT/PE = deep vein thrombosis/pulmonary embolus. method to the predicted probability derived from the model that used records from all facilities (see Appendix, Supplemental Digital Content 3).
Observed-to-Expected Ratio Metric
The primary metric of interest was the facility O/E ratio of a major postoperative complication. We used the predictive model to calculate a probability of having a major postoperative complication for each record. The expected number of major postoperative complications for a facility was calculated by adding the predicted probabilities of the records from that facility; if a facility performed 100 procedures with each procedure having a 1% probability of having an event, the facility is expected to have one event. To derive the O/E ratio, the observed number of major postoperative complications at a facility was divided by the expected number of major postoperative complications. We calculated the 95% confidence interval (CI) for the O/E ratio for each facility with the SAS 9.4 PROC STDRATE module (SAS Institute Inc, Cary, NC, USA) with Poisson distribution. We labeled facilities whose 95% CI straddled 1.0 as meeting expectation; those whose 95% CI was entirely < 1.0 were labeled (1) functional disability from COPD (eg, inability to perform ADLs), (2) previous hospitalization for COPD treatment, (3) requires chronic bronchodilator therapy with oral or inhaled agents, (4) FEV1 of < 75% predicted on pulmonary function testing. †bleeding disorder; any condition that places the patient at risk for excessive bleeding requiring hospitalization due to a deficiency of blood clotting elements (eg, vitamin K deficiency, hemophilia, thrombocytopenia, chronic anticoagulation therapy that has not been discontinued or reversed before surgery); chronic aspirin therapy was not considered a bleeding disorder.
‡154 records from high-volume facilities; 27 from medium-volume facilities; and 13 from low-volume facilities had missing data for 'Dyspnea' variable. §acute renal failure; defined as increasing BUN, with urinary output of less than 500 cc/24 hours, and a rising creatinine above 3 mg/dL. ||major postoperative complication; includes at least one of the following: (1) death within 30 days of surgery, (2) cardiac arrest requiring CPR, (3) myocardial infarction, (4) DVT/PE, (5) failure to wean from ventilator after 48 hours, (6) reintubation for respiratory/ cardiac failure, (7) progressive renal insufficiency -rise in creatinine > 2 mg/dL from preoperative value, but without renal replacement requirement, (8) acute renal failure requiring incident postoperative renal replacement therapy; PRBC = packed red blood cells; FEV1 = forced expiratory volume in 1 second; BUN = blood urea nitrogen; CPR = cardiopulmonary resuscitation; DVT/PE = deep vein thrombosis/pulmonary embolus. exceeding expectation, while those facilities whose 95% CI was entirely > 1.0 were labeled below expectation. Facilities labeled exceeding expectation or below expectation were also referred to as outliers. We compared the distribution of outlier facilities between complexity levels and between facility surgical volume with the Fisher's exact test.
To assess the consistency of the observations by the O/E ratio methodology of classifying facility performance, we used multivariable hierarchical logistic regression modeling to assess facility performance and examined the association between facility complexity level and major postoperative complications. In these mixed models, we modeled facility complexity level and surgical volume as random effects.
Sources of Bias

Selection Bias
Because the estimated health risk ("sickness") of the entire patient population treated at a VHA facility is a criterion to determine complexity level, high-level facilities may have treated hip fracture surgery patients with more severe comorbidities. The risk assessment model to calculate a predicted probability of having a major postoperative complication attempts to account for patient factors associated with having a major postoperative event; however, because no model is perfect, there are certainly unknown and unaccounted for predictors.
Assessment Bias
Risk-adjusted facility metrics calculated from the VASQIP database are used for internal reporting and assessment purposes. Upgrading the patient risk profile improves facility performance metrics. The risk of this bias influencing the observations is mitigated by evidence of reliability of VASQIP data, including collections of preoperative comorbidities [6] .
Additional Statistical Analysis Details
Descriptive statistics were expressed as frequency and percentage of the entire cohort. All comparisons were twotailed, and p < 0.05 was considered statistically significant. We used SAS 9.4 software for all statistical analyses.
Results
VHA facilities with the highest complexity level designation did not have a higher proportion of facilities performing better than expected compared with lower complexity level designation facilities. The association between complexity Level 1a designation and major postoperative complications was null (OR, 0.85; 95% CI, 0.67-1.09; p = 0.108; Table 4 ).
VHA facilities with the highest hip fracture surgical volume did not have higher proportions of facilities performing better than expected compared with medium-and low-volume facilities. The association between surgical volume and major postoperative complications was null (low-volume versus high-volume: OR, 0.87; 95% CI, 0.73-1.05; medium-volume versus high-volume: OR, 0.89; 95% CI, 0.79-1.02; p = 0.155; Table 5 ).
Other Relevant Findings
To validate the use of O/E ratio methodology, we applied multivariable hierarchical logistic regression modeling to classify facility performance. This method reclassified seven facilities from outlier to average performer, but no facilities classified as average by O/E ratio methodology were reclassified as an outlier. 
Discussion
Identifying facility factors associated with either excessive or low mortality and morbidity rates after hip fracture surgery is a priority of healthcare providers, hospital administrators, and policy makers as such information may reflect overall healthcare quality, focus efforts for improvement, and determine resource allocation. Unlike elective joint arthroplasty, hospital and surgeon volume for hip fracture surgery has not been consistently shown to be associated with mortality [5, 7-10, 21, 24, 27, 30] . The VHA is a single-payer system with facilities that vary in size, number of patients served, and services provided; these are among the factors that determine resource allocation within the VHA, which is closely tied to the VHA facility complexity level designation. We investigated the specific factors of complexity level designation and hip fracture surgical volume and their association, if any, with hip fracture surgery morbidity and mortality. Whether stratified by facility complexity level or hip fracture surgical volume, we observed no differences in the distribution of outlier facilities based on postoperative complications among VHA surgical facilities treating hip fractures. The observations do not support the thinking that, as a group, VHA facilities with the highest complexity level designation (1a) or greater hip fracture surgery volume have fewer major postoperative complications after hip fracture surgery. Taken together with many reports that have failed to demonstrate a consistent association between hip fracture surgical volume and mortality [5, 7, 21, 27] , we cannot argue against facilities treating these patients based on historical surgical volume or facility resource availability.
Limitations
VHA Patient Population
The VHA patient population is relatively homogenous compared with nonVHA facilities. Two characteristics illustrate major differences between the population we studied and the populations in reports using nonVHA data [5, 7-10, 21, 24, 27, 30] . The VHA population in this report was predominately male, and more than 20% of the population was younger than 60 years of age. This may limit our finding's external validity. Differences in preoperative comorbid conditions between VHA patients and the general population may also compromise external validity. Nearly a quarter of the VHA population had a diagnosis of severe COPD; sepsis within 2 days before surgery was documented in 1% of the VHA population; and 0.3% of patients were transfused with more than 4 units of packed red blood cells 3 days before surgery.
Veterans within VHA may have private insurance policies, permitting them to receive most of their care outside of the VHA system. Veterans, for example, may have all their primary care at a nonVHA facility but choose to have surgery at a VHA facility because of cost, convenience, or as a result of a specific referral. We cannot dismiss the possibility that the population of veterans with private insurance who only get certain treatments at a VHA facility are demographically different from those who get all their care from a VHA facility.
O/E Ratio Metric
The O/E ratio metric has been used to assess hospital, surgeon, and surgical program performance [11, 12, 31] . Awareness of its limitations guides results interpretation.
As with any observation, the variance in hospital performance contains a random component; this random component will contribute more to the variance with smaller sample sizes and event rates [1] . Thus, misclassification of facility performance is more likely for low-volume facilities. Rather than using a single sample, judging hospital performance with longitudinal sampling, especially for low-volume facilities, may be more prudent [4] . The O/E ratio is used to identify performance outlier status, but it does not identify mechanisms responsible for outlier status.
The underlying indirect standardization used to calculate the expected number of events for the O/E ratio corresponds to the following question: "what would happen to a facility's patients if they were treated at an 'average' facility?" In some clinical scenarios (eg, transferring a patient from one facility to another), it is critical to distinguish indirect standardization metrics from direct standardization metrics. Among many possible reasons to transfer a patient is the belief that the odds of a better outcome for the patient are higher if the patient is treated at the receiving facility. Direct comparison of facilities uses direct standardization methods with the underlying question being: "What would happen to the entire population of patients if it were treated at a given facility?" The O/E ratio methodology does not directly compare facilities; rather than interpreting that two "average" performing facilities are equal, a more appropriate interpretation may be that both facilities treat a patient population commensurate with their capabilities.
Dataset Limitations
We included a postoperative rise in creatinine, which may be self-limited as a major postoperative complication because of evidence that even mild postoperative acute kidney injury after orthopaedic surgery is associated with short and long-term mortality [2] . A substantial limitation of the dataset was the lack of a field for postoperative cerebral vascular accident. 
Dichotomizing Facility Complexity Level
We categorized facilities as high volume or low volume, and high complexity or low complexity. Facilities within each classification are assuredly not homogenous in facility structure and processes. For sample size considerations and to specifically investigate any advantages of facilities achieving the highest complexity level, we labeled all noncomplexity Level 1a facilities as low complexity. Thus, the lowcomplexity group included complexity Levels 1b and 1c (both considered high-complexity by the VHA but not as high as 1a), complexity Level 2 (intermediate complexity by the VHA), and complexity Level 3 (standard complexity by the VHA) facilities. From the VHA designation perspective, the interpretation of our observations is that complexity Level 1a facilities do not have a different proportion of outlier facilities than noncomplexity Level 1a facilities. This dataset lacks details on facility characteristics or system factors that may affect postoperative complications and mortality more than surgical volume or complexity level, such as the presence or absence of specific models of care (like a perioperative surgical home or enhanced-recovery pathways).
Association Between Facility Complexity Level and Complications
VHA facilities with the highest complexity level designation do not have a disproportionate number of better-thanexpected performance outliers for major postoperative complications compared with lower complexity level facilities. The complexity level designation for VHA facilities is unique. With respect to resource availability, comparing teaching or tertiary care centers with community hospitals may be the best approximation. While Koval et al. [19] did not report a difference in mortality or postoperative complication rates between teaching and nonteaching hospitals treating hip fractures when they explored the National Inpatient Sample database, most studies reported lower mortality with enhanced cost-effectiveness among teaching institutions [18, 26, 32, 34] . To interpret these discrepancies, it is important to note that because high-complexity facilities within the VHA and teaching facilities are likely to have more resource availability than low-complexity and nonteaching facilities, a direct comparison between highcomplexity level within VHA and teaching facilities within the community may not be valid.
Association Between Facility Volume and Complications
VHA facilities with higher hip fracture surgical volume do not have a disproportionate number of better-than-expected performance outliers for major postoperative complications compared with lower-volume facilities. Although there are variations in the findings of an association between surgical volume and morbidity and mortality after elective joint replacement [17, 20, 28, 33] , the preponderance of evidence suggesting an association between surgical volume and mortality [14, 15, 35] , functional metrics [16, 17] , revisions [13, 20, 23] , and postoperative complications [35] has led to the belief that patients treated at higher-volume institutions have lower morbidity and mortality after elective joint arthroplasty. For hip fracture surgery, the association between surgical volume and mortality is not as well established. Several reports suggest an association between higher volume centers and lower mortality [8, 24] . Many have reported no association [5, 7, 10, 27, 30] . Some observed a higher postsurgical mortality rate in higher volume facilities [9, 21] . Wide variations in surgical volume classification challenge the appropriateness of direct comparisons between studies. When compared with nonVHA facilities included in other reports, almost every VHA facility would be classified as low volume; relative surgical volume homogeneity among VHA facilities may partially explain the observed null result.
Conclusions
Our observations suggest that within VHA facilities that perform hip fracture surgery, performance outlier status is not associated with complexity level designation or hip fracture surgical volume. This may imply that most VHA facilities care for a patient risk profile commensurate with their facility capabilities. However, we caution extrapolating observations derived from VHA data to the general population because as a single-payer system serving a specific patient population, the VHA likely serves a patient population that is more homogenous than that found outside of the VHA. As no model predicting adverse events is perfect, the homogeneity may provide a measure of control for both observed and unobserved patient factors that may confound the association between facility groupings and performance; it may also limit the external validity of observations from VHA data. Future studies should aim to identify consistent performance outliers because this information may help identify processes and characteristics that determine outlier status.
